Mixed cultures of several Azospirillum and Rhizobium trifolii strains caused either an inhibition or stimulation of nodule formation on plant hosts as compared with nodulation of plants inoculated with R. trifolii alone. AzospiriUum strains affected the nodulation process at a precise cell ratio (R. trifolii/Azospirillum cells) and time of inoculation. All Azospirillum strains used showed a variation in their ability to inhibit or enhance nodulation by R. trifoiji strains. When nonviable cell preparations of Azospirillum strains were used for mixing experiments, no effect on nodulation was observed. A decrease in the effectiveness of normally Nod' Fix' R. trifolii strains was observed when an Azospirillum strain caused an increase in nodule number.
There is little information available regarding ecological interactions of bacterial diazotrophs which are able to colonize the root zones of leguminous or nonleguminous plants and subsequently fix nitrogen either in a symbiotic or an associative manner. Nevertheless, there are many reports on interactions between different bacterial strains, although these are mainly concerned with various Rhizobium strains (5, 10, 12, 13, 15, 16, 18, (20) (21) (22) 26) .
Until recently little was known about the nitrogen-fixing Azospirillum bacteria and their association with plants (1, 25) . Currently, the genus Azospirillum has attracted the attention of microbiologists, agronomists, and ecologists due to its ability to fix nitrogen in association with certain nonleguminous plants (1, 7, 25) .
There have been reports that soybeans (Glycine max) gave increased yields after inoculation with a mixed culture of Rhizobiumjaponicum containing either Azotobacter vinelandii or Azospirillum brasilense (6, 12, 22) . Rai (15) has reported an increase in grain yield, nodule dry weight, and nitrogenase activity of chick pea nodules when plants were inoculated with A. brasilense together with a Rhizobium strain. Iruthayathas et al. (10) have observed a substantial increase in the nodulation, N2 fixation, and shoot dry-matter production by winged beans and soybeans when these plants were inoculated with Rhizobium-Azospirillum combined cultures. Recently, an enhancement of the nodulation of several legumes by Azospirillum addition has been reported (S. Sarig, Y. Kapulnik, and Y. Okon, Abstr. 3rd Int. Symp. N2-Fixation in Non-Legumes, 1984, p. 45) .
No studies have been made to detect any beneficial effects when Rhizobium trifolii and Azospirillum strains are brought into interaction in clover pastures. In this paper, we report the negative effect of Azospirillum strains on the R. trifolii-clover symbiosis, when studied under the artificial conditions of an agar plate assay (19) .
MATERIALS AND METHODS Bacterial strains. Bacterial strains used are listed in Table  1 .
Media and culture conditions. The following growth media used have been previously described: nutrient agar (NA [2] ), Bergersen medium (BMM [18] ), and tryptone-yeast extract * Corresponding author. medium (TY [3] ). All media were supplemented either with kanamycin (200 ,ug ml-'), streptomycin (200 ug ml-'), spectinomycin (20 to 100 ,ug ml-'), or carbenicillin (100 ,ug ml-1), when required.
Bacteria were grown on agar plates at 29°C. Cell mixture experiments. Azospirillum strains were maintained on NA, and R. trifolii strains were maintained on BMM. Before inoculation, Azospirillum and R. trifolii strains were grown on TY plates for 24 and 16 h, respectively. Bacteria were scraped off the plates and suspended in 1 ml of liquid F medium (8) . For mixed inocula the strains were first diluted in F medium and then mixed at appropriate cell ratios on the F plates that the plants were grown on (0.1 ml of each strain suspension) before planting. The undiluted cell suspensions were 1 x 108 to 5 x 108 cells ml-'. The viable-cell number was measured as CFU ml-' on BMM plates.
Seed inoculation and plant assays. Commercial seeds of white clover (Trifolium repens [New Zealand white clover 5826]) and subterranean clover (Trifolium subterraneum) were used. Surface sterilization was as follows: seeds were washed for 5 min with 96% ethyl alcohol and 5 min with 0.2% HgCl2, washed three times with sterile distilled water, soaked for 10 min in water and 5 min with 12% sodium hypochlorite, washed five times with sterile water, soaked for 10 min in water, and finally washed again with water.
Bacterial strains were inoculated onto clover by using the rapid plate-screening method (19 occurred (Fig. 1) . Cell ratios (R. trifoliilA. brasilense) of 1:500, 1:1,000, or 1:1,500 produced less inhibition of nodulation, namely, 10, 15, and 25%, respectively (Fig. 1) .
Stimulation of nodulation. Of nine investigated R. trifolii strains, seven showed stimulation of nodule formation when Azospirillum isolates were added to the plants 1 to 6 days before or after inoculation with R. trifolii. This increase of nodule number varied from 25 to 100% for the same R. trifolii strain and depended on the Azospirillum strain used (Table 3) . When white clover plants were inoculated first with R. trifolii strain ANU794 and then A. brasilense strain SP107 was added 3 days later, stimulation of nodule formation was observed (Fig. 2) . A maximum stimulation (100%) was detected only when the ratios of R. trifoliilA. brasilense cells were between 1:500 and 1:1,000. However, this increased nodule number usually produced a non-nitrogenfixing (Fix-) phenotype (no nitrogenase activity in C2H2 reduction tests). Generally these plants formed more trifoliilA. brasilense ratios of 1:1 to 1:100 developed normal nitrogen-fixing (Fix') plants. When A. brasilense SP245 was added to R. trifolii ANU794 at a ratio (R. trifoliilA. brasilense) of 1:500, 100% stimulation of nodule formation occurred, and this was maintained even with cell inoculum ratios of 1:2,000 (Fig. 2) .
Effect of inoculation timing on nodulation of white clover. The timing of the addition of strains SP107 and SP245 had profound effects on the nodulation capacity of strain ANU794. When strains SP245 and ANU794 were simultaneously inoculated onto clover, no nodules were formed (Fig. 3) . However, if either strain was first inoculated into clover and the second strain was added 24 h later, a marked (Fig. 3A, B These diverse interactions between A. brasilense SP107 and R. trifolii ANU794 are summarized in Fig. 4 . These interactions require viable Azospirillum cells since heatkilled cells were unable to alter the nodulation pattern of strain ANU794 in any detectable manner. Similarly, it was found that neither Azospirillum nor Rhizobium cells produced any detectable bacteriocins or growth-inhibiting agents when these cells were mixed and grown together on various liquid or solid media.
It is interesting that the spectinomycin-resistant mutants (ANU329 and TlSp) of strains TAl and Ti do not show Azospirillum-induced inhibition of nodulation but still retain the capacity to be stimulated to form more nodules on white clovers (ANU329 was not tested on subclovers) and subterranean clovers (TlSp).
Where there is an increase in nodulation, a Fix-response is produced on clover. It has been previously reported (14, 24) that delayed inoculation of clovers generally gives a Fixplant response. In these cases, more lateral roots appear, and an increase in nodule number (mainly on lateral roots) occurs. When Azospirillum strains caused an increase in the number of nodules formed, these were mostly found on the lateral roots of the inoculated clovers. Thus, the effect of the stimulation of nodulation paralleled that observed with delayed inoculation. This also reflects the involvement of the plant in response to the two interacting bacterial species. All negative effects resulted when either a stimulation or an inhibition of clover nodule formation occurred in the presence of Azospirillum strains. This result contrasts with other reports of Azospirillum-Rhizobium interactions (10, 15, 22) . Therefore, the relevance of our work to the field situation awaits further studies.
